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Abstract 
The loss of Activities of Daily Living (ADL) is the most important health problem of the elderly, which is related to their 
quality of life and the nursing burden of family. Based on the survey data of China's elderly health impact factors (2002 ~ 
2011), the C5.0 method of decision tree was used to establish the prediction model of ADL. The variables of our model 
include demographic variables, personal habits, social activities, disease, mental state, and the current state of ADL. The 
experimental results show that: (1) The model can predict the ADL condition of the elderly people in the next 2~3 years, 
and C5.0 has a higher accuracy than other methods; (2) The age is the most important factor, followed by the current ADL 
status; in addition whether to do house work frequently and residential area both have important influence on ADL status; 
(3) Doing housework, taking part in social activities and keeping good mental state are helpful to keep healthy. 
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1. Introduction 
China has become a country with the largest quantity of the old-aged people. According to the data from the 
National Statistics Office, in China 60 years old people accounted for 15.5% of the total population in 2014. 
With the aging of the population, the number of the disabled elderly is increasing. According to the data 
released by the China Aging Science Research Center, the disabled elderly population exceeded 40 million in 
2015. The issues of activities of daily living and long-term care of the aged people have aroused more and more 
attention in our country. 
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Disability refers to the state of losing ability of daily life when the elderly people have been suffering from 
chronic diseases, physical injury, or psychological imbalance. The Activities of Daily Living (ADL) is one of 
the most common indicators to evaluate the health status of the elderly. ADL was proposed by Katz in 1963, 
which is to measure the number of limitations on activities of daily living. There are six ADL limitations in 
total, which consist of difficulties with: bathing, eating, grooming, dressing, getting up from a bed and using 
the toilet [1]. The elders who need help from other people or appliances in these basic daily activities will be 
treated as disabled. Disability will not only lead to a sharp deterioration in the living conditions of the elderly, 
but also increase the burden of care. Therefore, it has important practical significance to find out the 
influencing factors of the loss of activities of daily living of the elderly, and then to predict the disability in the 
future. Furthermore, some appropriate intervention services can be used, in order to delay or avoid the 
occurrence of the disabled. 
In the study of activities of daily living of the elderly, many scholars have analysed the influencing factors. 
Diehl believes that social and cultural factors and individual factors both affect the elderly people's daily living 
skills [2]. Individual factors mainly relate to the natural attributes, social economic attributes, behavioural 
characteristics (way of life) and chronic diseases and so on [3]. Demura et al showed that there are significant 
differences on disability status between different genders of the elderly [4]. A healthy lifestyle is closely related 
to the ADL status of the elderly [5], while the lifestyle which is resulting in negative effects includes diet of 
high salt and high fat, smoking, drinking, mental strain and lack of physical exercise [6]. Kaplan's study found 
that chronic disease is the most important factor affecting the ADL of elderly [7]. Diehl's research shows that 
the factors of living environment include family, neighbourhood, community, policy, customs, fashion and 
other social and cultural factors have a certain influence on ADL [2]. 
There are also some related researches in china. Based on survey data of Chinese aged people, Gu et al 
found that age, urban and rural, gender, educational level and marital status are main influencing factors for the 
changes of activities of daily living of Chinese elderly in the ten years from 1992 to 2002 [8]. By using the data 
of Chinese longitudinal healthy longevity survey, Yin et al. analysed the influencing factors of ADL of the 
Chinese oldest-old. Among the individual factors, age and chronic disease, cognitive ability, visual condition, 
emotion, living arrangements, doing manual labour before are important. The regional factors are arranged 
according to their importance as: natural environment, medical condition, the staple food structure, and poverty 
situation [9, 10]. Jiao investigated the relationship between activities of daily living and the risk of death, and 
found that the relationship is weakened with age, and there are differences between different genders [11]. 
Jiang et al. analysed the influencing factors of self-rating health status and ADL of the elderly, and found that 
age, place of residence, spouse, living arrangement, smoking, drinking, taking part in physical exercise, 
participating in social activities, suffering from serious illness in the past two years, negative emotions, and a 
living mother have significant effects on ADL of the elderly [12]. Jing et al. studied on the old people in 
Shandong province, and showed that gender, education levels, sports activities and all kinds of chronic diseases 
are the risk factors for the decline of ADL [13]. By investigating on the elderly people over 80 years old in the 
city of Hangzhou, Chen et al. found that there is a higher proportion of damage for ADL of the oldest-old. The 
risk factors of ADL include not living together with the spouse, unhealthy mental conditions, and suffering 
from the chronic non-communicable diseases, and while the protective factors include regular exercises, and 
doing housework [14]. By investigating on the elderly from different areas, some researchers have made 
similar conclusions that age, gender, region, marital status, economic conditions, education level, with diseases 
of the circulatory system important factors for ADL of the elderly [15-17]. 
In addition, the ADL of the elderly changed over time. Therefore, the longitudinal survey data of the same 
object is more helpful to study the changes of the elderly’s disability status. However, most of the researches 
are based on cross-sectional data, and there is only a few researches using longitudinal survey data which 
mainly focused on health status transition. For example, Manton used NLTCs (America's long-term care survey) 
longitudinal data to study the state transition probability of old people in a period of time [18]. James Robinson 
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found that the transition probability is related to the gender and the initial age [19]. Based on the longitudinal 
survey data of Chinese elderly, Huang et al used a transition probability model to predict the requirements for 
the long-term care of the elderly in China [20]. He et al studied the transition probability and state transition 
strength of the elderly in China, and predicted the number of disabled Chinese elderly from 2011 to 2015 [21]. 
In summary, current studies on disability status of the elderly mainly focus on analysis of the group 
behaviour characteristics and population size from a macroscopic point of view, and there is lack of studies on 
individual objects from the micro perspectives. On the other hand, most existing researches are based on the 
cross-sectional data, and only a few use longitudinal survey data. In order to prevent the occurrence of 
disability, or to provide effective interventions for disability status, it is needed to make further research on 
individual elderly from the micro perspective. In this paper, based on longitudinal survey data, we proposed a 
forecast model for the ADL status of the elderly in the next 2~3 years. On one hand the model can be used to 
predict the possibility of disability in the future, and on the other hand, based on the results of the model, the 
intervention measures can be developed. 
2. Data description 
The dataset used in this paper is from the Chinese longitudinal Healthy Longevity Survey (CLHLS), 
including 4 surveys in 2002, 2005, 2008 and 2011. CLHLS covered 23 provinces and regions in China, 
including Liaoning, Jilin, Heilongjiang, Hebei, Beijing, Tianjin, Shanxi, Shanxi, Shanghai, Jiangsu, Zhejiang, 
Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Sichuan, Chongqing, and 
Hainan. The data were obtained by questionnaire survey from house to house. 
Based on the existing research, the influencing factors can be divided into five aspects, including 
demographic variables, individual living habits, social activities, diseases and psychological status. The 
activities of daily living are measured by the six items of ADL scales, including bathing, eating, grooming, 
dressing, getting up from a bed, and using the toilet. If an old man or woman cannot complete any item above 
independently, he or she will be considered to be disability of ADL, otherwise he or she will be healthy. When 
we use the continuous tracking survey data to predict the future state of ADL, the current ADL status of will 
have an important role. Therefore, in addition to the variables of the five aspects, the current situation of ADL 
(health or disability) should also be included in the prediction model. The variables in the model are shown in 
Table 1. 
Table 1. The variables in the model 
Aspects Variables 
Demographic variables Sex, age, marital status, economic situation, area, living 
arrangement 
Individual living habits Smoking, drinking, doing housework, physical exercise 
Social activities Whether to participating in social activities 
Diseases Chronic diseases (including hypertension, arthritis, 
stroke, digestive system diseases, etc.) 
Psychological status Fearful or anxious, lonely and isolated 
The ADL status ADL-now (current ADL status), ADL (ADL status in 3 
years later) 
 
In Table 1, our samples are divided into five conditions by age, including below 70 years old, 70 to 75, 75 to 
80, 80 to 85, and 85 years old above. Marital status contains with a spouse and without spouse. The economy 
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situation includes three categories, rich, normal and poor. Area includes eastern, central, western and northeast. 
Living arrangements contains three kinds of situations: living with the family, living alone and living in nursing 
homes. Smoking, drinking and physical exercise are divided into two conditions: often or not often. Doing 
housework and participating in social activities are both divided into two conditions: a lot of or less. The 
disease represents the old suffering from one or more of the 14 chronic diseases. Fearful and lonely both 
include serious, sometimes and little. The ADL status is described by healthy or disability, including the ADL-
now (current ADL status) and ADL (ADL status in 3 years later). 
Using the data of the 4 tracking survey from 2002 to 2011, we have built 3 experimental data sets based on 
the method of random sampling. Each data set contains 16 variables, in which ADL is to be predicted. The 
overall distribution of the data sets is shown in Table 2. 
Table 2. The overall distribution of the data sets 
Data sets Full sample ADL (ADL status in 3 years later) 
  disability healthy 
02-05 3634 1817 1817 
05-08 2229 1109 1120 
08-11 4872 2436 2436 
3. Research Methodology 
Decision tree is one of the most widely used classification and prediction method of machine learning. The 
decision tree is an inverted tree structure, where each internal node denotes a test on an attribute, each branch 
represents an outcome of the test, and each leaf node (or terminal node) stores a class label. The construction of 
decision tree classifiers does not require any domain knowledge or parameter setting, and therefore is 
appropriate for exploratory knowledge discovery. The representation of acquired knowledge in tree form is 
intuitive and easy to understand by humans. The tree structures are easily converted into the classification rules. 
The learning and classification steps of decision tree are simple and fast. Generally, decision tree classifiers 
have good accuracy. Therefore, the decision tree classification algorithm is successfully applied in many areas, 
such as medical, manufacturing and production, finance, biology and so on [22].  
4. Empirical study 
4.1 Experimental results 
In this paper, the prediction model is established by using the C5.0 classifier in Clementine SPSS 12.0, and 
the prediction of the ADL status is treated as a two classification problem. In the experiment, all of the datasets 
are balanced data, so we use accuracy to reflect how well the model recognizes samples of the default class and 
the normal class. The accuracy of a classifier on a given test set is the percentage of samples that are correctly 
classified by the classifier. When the class distribution is relatively balanced, accuracy is the most efficient. 
Furthermore, in order to enhance the reliability of the results, the ten-fold cross validation method is used in the 
experiment to calculate the average accuracy. Using the 3 data sets as training set separately, we get 3 
prediction models. Then the test results of each model on the 3 data sets are shown in Table 3. 
Table 3. The accuracy of decision tree prediction model 
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Data sets  Accuracy 
  Model 1 Model 2 Model 3 
02-05 Disability 
Healthy 
Total 
79.53% 
76.94% 
78.23% 
78.54% 
71.11% 
74.82% 
73.42% 
75.89% 
74.66% 
05-08 Disability 
Healthy 
Total 
75.74% 
72.86% 
74.29% 
82.51% 
73.13% 
77.79% 
74.84% 
75.27% 
75.06% 
08-11 Disability 
Healthy 
Total 
68.88% 
71.59% 
70.24% 
72.29% 
69.29% 
70.79% 
69.29% 
78.49% 
73.89% 
 
Since we are more concerned about whether the disability in the future can be accurately predicted, we 
prefer the model in which the class of disability has higher predictive accuracy. Relatively, the accuracy of 
disability is higher in model 2 as shown in Table 3, so it is chosen as the final prediction model. According to 
the results of model 2, the importance of the variables is shown in Fig 1. 
 
 
Fig. 1. The importance of the variables 
4.2 Analysis and discussions 
According to the experimental results above, the decision tree model can effectively predict the future state 
of disability of the elderly, and the results can be well explained. From the decision tree model, we get some 
meaningful classification rules, as shown in Table 4. 
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Table 4. Decision tree rules 
No. Rules Confidence 
1 If area = central, and house work = a lot of, and fearful or anxious = sometimes, 
and lonely and isolated = little, then ADL=healthy 
0.941 
2 If age = a, and ADL-now = healthy, then ADL=healthy 0.885 
3 If age = b, and ADL-now = healthy, then ADL=healthy 0.865 
4 If age = c, and social activities = a lot of, and ADL-now = healthy, then 
ADL=healthy 
0.857 
5 If ADL-now = disability, then ADL=disability 0.892 
6 If age = e, and living arrangement = with household members, and house work = 
less, then ADL= disability 
0.794 
7 If house work = less, and chronic diseases = yes, then ADL=disability 0.75 
 
According to the decision tree model and rules above, we obtain some conclusions: 
x Age is the most important influencing factor for ADL status in the future 2 ~ 3 years, and the second is the 
current ADL status. Besides, whether to do house work frequently and residential area are important factors 
(see Fig 1). 
x There is significant relationship between the current ADL status and the future ADL status of the elderly 
(see Rule 2, 3, 4, 5 in Table 4). For the old people who is below 80 years old, if they are now able to take 
care of themselves (ADL-now =healthy) then in the next 2 to 3 years they will still tend to stay healthy. 
Most of the disabled old people will continue to be disabled, who need long-term care. 
x Doing housework, participating in social activities, keeping good mood state can help to maintain a good 
state of ADL (see Rule 1, 4, 6, 7). Housework and social activities can play the role of physical exercise. 
Moreover, to participate in various social activities can bring the elderly an enjoyable and happy life, which 
helps to keep good psychological situation. 
4.3 More experimental results 
The decision tree C5.0 algorithm is compared with other commonly used prediction methods, and the 
experimental results are shown in Table 5. Compared with SVM, Logistic regression and neural network 
models, C5.0 has the highest accuracy in the prediction of disability, whose total classification accuracy is also 
higher. 
Table 5. Comparisons with other methods 
Method Disability Healthy Total accuracy 
C5.0 72.29% 69.29% 70.79% 
SVM 63.88% 72.37% 68.12% 
Logistic regression 66.91% 74.55% 70.73% 
Neural network 71.02% 69.79% 70.4% 
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5. Conclusions 
Disability is the main problem that affects the health and quality of life of the elderly. The prediction of 
ADL status of the elderly can contribute to prevent the occurrence of disability. In this paper, the influencing 
factors of the ADL of the elderly were be divided into five aspects, including demographic variables, individual 
living habits, social activities, diseases and psychological status. The decision tree method is used to set up the 
prediction model, where the prediction is converted to a classification problem. We predict the future ADL 
state using the continuous longitudinal survey data. The prediction model includes not only the five factors 
above, but also the current ADL situation. The experimental results show that the decision tree model can 
effectively predict the future disability status of the elderly. In addition, compared to other commonly used 
forecasting methods, C5.0 has higher accuracy and understandable rules. Based on the above work, we propose 
following suggestions: (1) Due to the number of disabled elderly increased year by year, the government 
should pay more attention to the disabled elderly, and increase the investment on the nursing institutions and 
facilities for the elderly, such as nursing homes. (2) Medical care and psychological counseling services should 
be provided in communities. There also should be more infrastructures such as senior center and social 
activities. (3) The family should give more encouragement to the old people to get out of the house and 
participate in social activities. It is good for the elderly to do some easy household. For example, taking care of 
their grandchildren will reduce the negative emotions of the old people. 
The limitation of this study is that the prediction model only considers two states of ADL. The experimental 
data contained only the samples of the continuous survey and did not include the death samples. Therefore, in 
future research we will consider multi classification, where the disability status will be divided into mild 
disability, moderate disability, severe disability and death. 
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